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Abstract:

This study deals the investigation of heat transfer of non-Newtonian fluid in the presence of a
porous bounding wall. Perturbation method is applied for the solution of non-linear
differential equation. The main focus of this paper is to investigate the effects of parameters
such as Reynolds number Re, Prandtl number Pr, permeability parameter K and n in the
velocity of fluid and temperature coefficient. For fulfilling the purpose Matlab software has
been used. The results show that velocity of non-Newtonian increases with increase of
Reynolds number Re and temperature increases with increases of Prandtl number Pr.
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1. Introduction

The non-Newtonian fluid flow through a porous medium produced by temperature differences is
one of the most considerable and contemporary subjects and found the great applications, in
geothermic, geophysics, chemicals, cosmetics, pharmaceuticals and industrial technology. The
practical interest in convective heat transfer in porous medium is expanded rapidly, due to the
wide range of applications in engineering fields. Rivlin (1955) has studied plane strain of a net
formed by inextensible cords. Christopher and Middleman (1965) have studied power-law flow
through a packed tube. Blottner (1970) has studied finite-difference methods of solution of the
boundary-layer equations.

Chamkha (1977) has studied similarity solution for thermal boundary layer on a stretched surface
of a non-Newtonian fluid. Dharmadhikari and Kale (1985) have studied flow of non-Newtonian
fluids through porous media. Chen and Chen (1988) have studied free convection of non-
Newtonian fluids along a vertical plate embedded in a porous medium. Wang Chaoyang and Tu
Chuanjing (1989) have studied boundary-layer flow and heat transfer of non-Newtonian fluids in
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porous media. Hooper et al. (1993) have studied mixed convection from a vertical plate in
porous media with surface injection or suction. Choi (1995) has studied enhancing thermal
conductivity of fluids with nanoparticles in developments and applications of non-Newtonian
flows. Das et al. (1996) have studied radiation effects on flow past an impulsively started infinite
isothermal plate. Yih (1998) has studied Coupled heat and mass transfer in mixed convection
over a wedge with variable wall temperature and concentration in porous media: The entire
regime. Magyari et al. (1999) have studied heat and mass transfer in the boundary layers on an
exponentially stretching continuous surface.

Yih (2001) has studied radiation effects on mixed convection over an isothermal wedge in the
porous media: The entire regime. Wang (2002) has studied flow due to a stretching boundary
with partial slip: an exact solution of the navier—stokes equations. Ingham et al. (2004) have
studied Emerging Technologies and Techniques in Porous Media. Kluwer, Dordrecht, Plate with
time dependant temperature and concentration. Aboeldahab and A. G. EI-Din (2005) have
studied thermal radiation effects on MHD flow past a semi-infinite inclined plate in the presence
of mass diffusion. Mahmoud and Mahmoud (2006) have studied Analytical solutions of hydro
magnetic boundary layer flow of a non-Newtonian power law fluid past a continuously moving
surface. Marinca and Herisanu (2008) have studied optimal homotopy asymptotic method with
application to thin film flow. Cheng (2009) has studied combined heat and mass transfer in
natural convection flow from a vertical wavy surface in a power-law fluid saturated porous
medium with thermal and mass stratification. Suratiand and Timol (2010) have studied
numerical study of forced convection wedge flow of some non-Newtonian fluids. Bhattacharyya
et al. (2011) have studied steady boundary layer slip flow and heat transfer over a flat porous
plate embedded in a porous media. Ganji et al. (2011) have studied analytical heat transfer
investigation of non-Newtonian fluid flow in an axisymmetric channel with a porous wall.
Moorthy and Senthilvadivu (2012) have studied effect of variable viscosity on free flow of non-
Newtonian power law fluids along a vertical surface with thermal stratification. Shyam et al.
(2013) have studied natural convection heat transfer from two vertically aligned circular
cylinders in power-law fluids. M. R. Hajmohammadi and Nourazar (2014) have studied
conjugate forced convection heat transfer from a heated flat plate of finite thickness and
temperature-dependent thermal conductivity. Sharma and Ishak (2014) have studied second
order slip flow of cu-water nano fluid over a stretching sheet with heat transfer. Hayat et al.
(2015) have studied flow of power-law nanofluid over a stretching surface with Newtonian
heating. Ram Reddy et al. (2015) have studied similarity solution for free convection flow of a
Micropolar fluid under convective boundary condition via Lie scaling group transformations.

In this study perturbation Technique is applied to find the approximate solution of nonlinear
differential equation for non-Newtonian fluid flow in axisymmetric channel with a porous wall
for turbine cooling applications. The results are given for the velocity of non-Newtonian fluid
and temperature for various values of Reynolds number Re, Prandtl number Pr, permeability
parameter K and parameter n.

2. Mathematical Formulation

In this paper we study the simultaneous development of fluid flow and heat transfer of non-
Newtonian fluid flow is investigated, it is the applicable on the turbine disc for the cooling
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purposes. The problem is shown schematically in Fig. 1. In this Figure y-axis is perpendicular to
the heated disc surface, which is shown the x-axis. The porous wall is parallel to heated disc axis.
The perforated disc of the channel is located at y = +L. The non-Newtonian fluid is injected from
the other porous wall uniformly in order to cool the heated wall that coincides with the x-axis.

Here we observed in Figure 1 the cooling problem of the disk can be considered as a inactivity
point flow with injection. For a steady, axisymmetric non-Newtonian fluid flow for the following
equations in the cylindrical coordinates.

The equation of continuity is

o(ru,y) , 0(ruy)
ar T 0z

=0, 1)

Momentum equation is

a(Ur) o(Uy) _ _la_P {aTrr _ aTTZ}
Uy tU0. = sa o Ty * (Tyr — Tog) + 2
a(uz) a(uz) _1op 1 {ar_ 1 arzz}
U, + U, paz+ - +rrrz+ e 3
Porous Wall Non-Newtonian Fluid Porous Wall

}&ﬂﬁﬂ i1 llllgﬂ/ \

Figure 1: Schematic dlagram of the formulation problem

Where t_rr,t_rz,t_zr,t_zz are the components of the stress matrix. U r ,U_z are the velocity of
fluid in the r and z directions; p,P are the density, Pressure of the fluids. The boundary conditions
are

U r=U _z=0 for z=0, (4)
U r=0,U_z=-V for z=L, (5)

Here V is the injection velocity: For particular class of viscoelastic and viscoinelastic fluids
Rivlin [1] showed that if the stress components t_ij at a point x_k (k=1,2,3) and time t are
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considered to be polynomials in the velocity components (0v._m)/(0x n ) (m,n=1,2,3) and the
acceleration components (da m)/(dx_n ) (m,n=1,2,3), and if in addition the medium is assumed
to be isotropic the stress matrix can be expressed in the form

Iltl=p 01+ 1 A+p 2 B+ 3 A2+ ©6)
Here ¢ k (k=0,1,2,3) is polynomials in the invariants of A,B,A”2. This study is restricted to

second order fluids for which ¢ k (k=0,1,2,3) are constant and ¢ k (k=4,5,...) are zero, and 1
is the unit matrices, A and B are symmetric kinematic matrixes defined by:

A= 27”;+‘;—’Z,B= Z—j}+% e | )
The stress components are

Trr=¢ 1A rrte 2 A ™" 2+¢ 3B I, (8)
T zz=¢ 1 A zz+¢ 2 A zz"2+¢ 3 B zz, 9)
T 00=p 1 A 00+p 2 A 60"2+¢ 3 B 660, (10)
T 1rz=¢ 1 A rz+¢ 2 A rz"2+¢ 3B rz. (11)

For the solution of this problem depicted in the figure 1 in the case of axially symmetric flow it
is convenient to define a stream function so that the continuity equation is satisfied:

y=Vr'2 f(A), (12)

Where A=z/L and the velocity components can be derived as:
U r=V /L ™ (A) & U_z=-2V1(}p). (13)

Using equation (12) and (13), in equation (2) and (3) and then pressure term eliminated, we get
the differential equation

AIV+2Re fIA"-K_1 Re(4fA" fA"+2fA fAIV )-K_2 R(4FA" fA™M+2fA fAIV+2fAV )=0, (14)
Where K_1=¢ 2/(pL"2 ),K 2=¢ 3/(pL"2 ) is injection Reynolds number, For K 2=0, the
equation turned as

A IV+2Re fA"-KRe (4" fA™+2fM 71V )=0, (15)
Where K_1=K, The boundary conditions are:

f(0)= ™ (@0)=M(1)=0&f(1)=1. (16)

The energy equation for this problem with viscous dissipation in non-Newtonian form is given
by
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T oT -

pC (Ur 2+, E) =k V2T + ¢, (17)
U, Uy 1 AU, = AU,

b =T GE+ Too T+ T 5t + T (514 5E), (18)

Where U_r,U_z are the velocity components in the r and z directions and V is the injection
velocity: p,P,T,C,k are the density, pressure, temperature, specific heat and heat conduction
coefficient of the fluid, respectively, ¢ is the dissipation function. Assuming the blade wall (z=0)
temperature distribution be

Tw =To + Xnzo Cn(r/L)" (19)

And assuming the fluid temperature to have the form of [1]

T=To+ 520G () 0a@ (20)

Where T_0 is the temperature of the incoming coolant (z = L) and neglecting dissipation effect
the following equations and boundary conditions are obtained:

g_n""-RePr(n ' q_n-2fq_(n )') for (n =0,1,2,3,4), (21)
q_n()=1, q_n(1)=0. (22)
The above differential equation (15) and (21) solved by perturbation technique, given bellow.

3. Method of Solution

In this paper we have applied the perturbation technique for the solution of non-linear differential
equation with suitable boundary conditions, which is given above. We take the series

f) = fo(A) + Refi (D) + Re?f,(1) + -+ = Xm=oRe™ fn(2) (23)
qn(/l) = Qno(/l) + Rein(/D + Rezqnz (A) +oe = Z;.;)l=0 Reanm(/l) (24)
Putting these values of equation (23) in equation (15), we get

{fa" (D) + Ref{V (D) + Re2f}V (D) + -} + 2Re {fo(D) + Refy (1) + Re?f,(A) + - Hfy" (D) +
Refi"(A) + Re?f," (1) + -} — KRe[4{fy'(A) + Ref{' (1) + Re*f;" (1) + - Hfs" (D) +

Ref!" (1) + Re?f," (A) + -} + 2{f; (1) + Ref{ (A) + Re?*f, (1) + - }{f3" (1) + Ref{V (1) +
Re?flV(A) + -} = 0. (25)

Taking the coefficient ofRe®, Re?l, we get

fo' ) =0, (26)

Http://www.ijetmr.com®©lnternational Journal of Engineering Technologies and Management Research [78]


http://www.granthaalayah.com/

[Yadav et. al., Vol.4 (Iss12): December, 2017] ISSN: 2454-1907
DOI: 10.5281/zenodo.1140081

17D = 4K fe' Dfs" (D) = 2fef" () (27)
Putting these values of equation (24) in equation (21), we get

{ano(D) + Reqy; (1) + Re?qpy (1) + -+ } = RePr[n {fy (1) + Ref{ (1) + Re*f, (1) +
- Hano(D) + Requ1 (1) + Re?qpa(A) + -} = 2{fo(1) + Ref; (1) + Re*f, (1) +
 Hano(D) + Reqpy (1) + Re?qp,(A) + - 11. (28)

Taking the coefficient of Re®, Rel, Re? , we get

Gno(4) =0, (29)
n1(A) = Pr(ndnofy — 2foqno), (30)
An2(A) = Pr(n{gno (D) fi (D) + qn1 (D fe (D} = 2{fo(Dqn1 (D + f1 (D) Gno(D3]- (31)

Now solving the above equation (26), (27), (29), (30) and (31) using the boundary condition
(16) & (22)

fo(D) = 322 =223, (32)
_ (223 6 2 _ (79 24 3 _ 4 12,95 1,6 1.7
fl(/’l)—(m SK)A (35 : K)/’l 6KA* + KA+ =25 — — 1. (33)

Taking the coefficient of R°, R, R?, we get

Gno(D) =1-1, (34)

Gny(2) = 1 — BN o prge {n 13 — 2222 g4 4 B222 5, (35)

Gn2(1) =1 — (1 —0.0257143 Pr?Re?n? + 0.398333 n Pr2Re? — 0.32246034Pr?Re? —
0.333381nPrRe — 0.28KnPrRe — 0.005714286KPrRe)A + Pr[n(2.061905 — 0.4 K)A3 —
{0.2K — 5.30952 + 2.09524 n — 1.4K n — 0.15PrRe n(n — 1)}A* + {0.48K + 0.074286 +
0.09Pr(n —1) + 0.6386 n — 1.92K n + 0.09PrRe n(n — 1)}A° + {0.2 n?PrRe + 1.2 K n —
0.2—-0.06PrRe (11n — 1) — 0.4K}1° + {0.114286 K + 0.285743PrRe(2n — 1) —
0.271429 n — 0.0714286PrRe n(4n — 1)}A7 + {0.0107143PrRe(13n — 2) — 0.014286 —
0.01786PrRe(25n — 11) — 0.00357143}28 + {0.0194444PrRe(3n — 2) — 0.003574287}].
(36)
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Now putting the value of equation (32), (33), (34), (35), (36) in equation (23) and (24), we get

the solution of non-linear differential equation (15) & (21)

— 232 _ 993 223 6 2 _ (79 24 3 _ 4 12,95 1 56 147
F(A) =322 -22 +Re[(70 51{)/’1 (35 51{)/1 6KA* + K25 + =1 35,1],

(37)

Gn(1) = 1= 2+ Re [1 - BEREODI ) 4 prpefn 33 - B g BB sty

Re?[1 — (1 —0.0257143 Pr?Re?n? + 0.398333 n Pr?Re? — 0.32246034Pr?Re? —
0.333381nPrRe — 0.28KnPrRe — 0.005714286KPrRe)A + Pr[n(2.061905 — 0.4 K)A3 —
{0.2K — 5.30952 + 2.09524 n — 1.4K n — 0.15PrRe n(n — 1)}A* + {0.48K + 0.074286 +
0.09Pr(n—1) + 0.6386 n — 1.92K n + 0.09PrRe n(n — 1)}A° + {0.2 n?PrRe + 1.2 K n —
0.2 — 0.06 PrRe (11n — 1) — 0.4K}A°® + {0.114286 K + 0.285743PrRe(2n — 1) —
0.271429 n — 0.0714286PrRe n(4n — 1)}A7 + {0.0107143PrRe(13n — 2) — 0.014286 —
0.01786PrRe(25n — 11) — 0.00357143}A8 +

{0.0194444PrRe(3n — 2) — 0.003574287}]] + -~ (38)

The Graphs have been plotted with described set of parameters and discussed in detail in the

next section.

4. Results and Discussion

The objective of the present study is to find out the solution of heat transfer of non-Newtonian
fluid in the presence of a porous bounding wall, for the purpose we have used the perturbation
technique. In this paper the graph of non-Newtonian fluid velocity and Temperature coefficient
against distance have been plotted using constant Reynolds number, Prandtl number and other
parameter. Fig 2 represents the graph between dimensionless variable A and velocity of non-
Newtonian fluid f(A): From this figure increase of dimensionless variable A velocity of fluid
increases slowly in the range(0<A<1.4). It is seen that increase of Reynolds number Re velocity
of fluid increases sharply. Fig 3 represents the graph between dimensionless variable A and fluid
velocity of non-Newtonian fluid f(A): From this increase of dimensionless variable A velocity of
fluid increases slowly in the range (0<A<1.5) and sharply increases in the range (1.5<A<2.5). It is
seen that increase of Reynolds number Re velocity of fluid increases sharply.

Fig 4 is the graph between dimensionless variable A and velocity of non-Newtonian fluid f(}),
increase of dimensionless variable A velocity of non-Newtonian fluid f(X) increases in the range
(0<A<1) at constant Reynolds number Re = 3; It is seen that increase of permeability parameter
K velocity of fluid increases. Fig 5 is the same graph as fig 4 at different Reynolds number Re =
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9.2 and the effect of permeability parameter K is same as in the Fig 4. Whereas in from Fig 6, it
is the reciprocal effect of permeability parameter K for negative Reynolds number Re = - 13.88.
Fig 7 is graph between dimensionless variable A and velocity of fluid f(A), increase of
dimensionless variable A velocity of non-Newtonian fluid f(A) increases slowly in the (0<A<1.5)
then increases sharply in the range (1.5<A<2.5); it is seen that increase of permeability parameter
K velocity of fluid increases sharply.

Fig 8a & 8b is graph between dimensionless variable A and radial velocity of non-Newtonian
fluid f'(A) at constant Reynolds number Re = 2, increase of dimensionless variable A in the range
(0<A<1) radial velocity of fluid increases sharply then decreases sharply. This curve is like as
half sine nature; it is seen that increase of permeability parameter K the sharpness of radial
velocity of fluid increases. Fig 9a represents the graph between dimensionless variable A and
radial velocity of fluid f*' (A) at constant parameter K = 0.5 in the range(0<A<l), increase of
dimensionless variable A radial velocity of fluid ' (1) slowly increases then decreases, it is flat
type curve; it is seen that the increase of Reynolds number Re radial velocity of fluid f*' (X)
increases sharply then decreases sharply, it is peaked type of curve. Fig 9b represents the graph
between dimensionless variable A and radial velocity of fluid ' (L) at constant variable K = 0.5

in the range (0<A<2.5), increase of dimensionless variable A radial velocity of fluid f*' (A) slowly

increases then decreases slowly in the range (0<A<l1.5), and increases sharply in the range
(1.5<)<2.5); it is seen that the increase of Reynolds number Re radial velocity of fluid ' (L)
increases sharply then decreases sharply.

Fig 10 represents the graph between dimensionless variable A and temperature coefficient of
fluid gn(A) at constant variable Re = 0.5, Pr = 3.0, n = 2.0 in the range(0<A<l), increase of
dimensionless variable A the temperature coefficient of fluid qn(A) decreases slowly then
increases sharply: it is seen that the increase of permeability parameter K temperature coefficient
of fluid gqn()) increases. Fig 11 represents the graph between dimensionless variable A and
temperature coefficient of fluid gqn(A) at constant variable k = 0.5, Pr = 3.0, n = 2.0 in the
range(0<A<1), increase of dimensionless variable A the temperature coefficient of fluid qn()
decreases slowly then increases sharply: it is seen that the increase of Reynolds number Re
temperature coefficient of fluid qn()A) increases sharply.

Fig 12 represents the graph between dimensionless variable A and temperature coefficient of
fluid gn()) at constant variable k = 0.5, Re = 1.0, n = 2.0 in the range(0<A<1), increase of
dimensionless variable A the temperature coefficient of fluid qn(A) decreases slowly then
increases sharply: it is seen that the increase of Prandtl number Pr temperature coefficient of
fluid gn(}) increases more sharply as compared to other results. Fig 13 represents the graph
between dimensionless variable A and temperature coefficient of fluid qn(A) at constant variable
k = 0.5, Pr = 3.0, Re = 1.0 in the range(0<A<I), increase of dimensionless variable A the
temperature coefficient of fluid qn(A) decreases slowly then increases sharply: it is seen that the
increase of Parameter n temperature coefficient of fluid qn(A) decreases then increases sharply.

Fig 14a represents the graph between dimensionless variable A and temperature coefficient of
fluid gn(A) at constant variable k = 0.5, Pr = 3.0, Re = 0.5 in the range(0<A<l), increase of
dimensionless variable A the temperature coefficient of fluid gqn(A) decreases slowly then
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increases sharply: it is seen that the increase of Parameter n temperature coefficient of fluid qn(})
increases sharply. The reciprocal effect has shown in the Fig. 14b. It is seen that increase of
parameter n temperature coefficient of fluid qn()) is decreases sharply at constant parameter k =
0.5, Pr=3.0, Re = 2.0 in the range(0<A<1).

Fig 15a represents the graph between dimensionless variable A and temperature coefficient of
fluid gn'(M) at constant variable k = 0.01, Pr = 1.0, Re = 2.0 in the range (0<A<l), increase of
dimensionless variable A the temperature coefficient of fluid qn'(L) increases sharply: it is seen
that the increase of parameter n temperature coefficient of fluid qn'(A) increases. Fig 15b
represents the graph between dimensionless variable A and temperature coefficient of fluid qn'(L)
at constant variable K = 0.01, Pr = 3.0, Re = 2.0 in the range (0<A<1), increase of dimensionless
variable A the temperature coefficient of fluid qn'(A) increases sharply: it is been seen that the
increase of Parameter n temperature coefficient of fluid qn'(A) decreases sharply.

Fig 16 represents the graph between dimensionless variable A and temperature coefficient of
fluid gn'(A) at constant variable k = 0.01, n = 2.0, Re = 2.0 in the range(0<A<1), increase of
dimensionless variable A the temperature coefficient of fluid qn'(A) slowly increases then slowly
decreases: it is seen that the increase of Prandtl number Pr temperature coefficient of fluid gn'(})
increases sharply then decreases sharply.

Fig 17 represents the graph between dimensionless variable A and temperature coefficient of
fluid gn'(A) at constant variable Pr = 3.0, n = 2.0, Re = 2.0 in the range(0<A<l), increase of
dimensionless variable A the temperature coefficient of fluid qn'(A) slowly increases then sharply
decreases: it is seen that the increase of variable k temperature coefficient of fluid gqn'(A)
increases then decreases sharply.

Fig 18 represents the graph between dimensionless variable A and temperature coefficient of
fluid gn'(A) at constant variable Pr = 3.0, n = 2.0, k = 0.5 in the range(0<A<1), increase of
dimensionless variable A the temperature coefficient of fluid qn'(A) slowly increases: it is seen
that the increase of Reynolds number Re temperature coefficient of fluid qn'(L) increases sharply.
Fig 19 represents the graph between dimensionless variable A and axial & radial velocity of fluid
f(A) & f(A) at constant variable k = 0.01, Re = 2.0 in the range(0<A<l), increase of
dimensionless variable A the axial velocity of fluid f(A)slowly increases and radial velocity of
fluid f'(A) increases sharply. Fig 20 represents the graph between dimensionless variable A and
temperature coefficient of fluid qn(A) & qn'(A) at constant variable Pr =3.0, n =2.0, k= 0.01 in
the range(0<A<1), increase of dimensionless variable A the temperature coefficient of fluid qn(})
slowly increases: and temperature coefficient of qn'(A) increases sharply then decreases sharply.
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Figure 2: Graph between the dimensionless variable A against velocity of fluid f(4) at constant
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Figure 3: Graph between the dimensionless variable A against velocity of fluid (A1) at constant
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Figure 4: Graph between the dimensionless variable A against velocity of fluid f (1) at constant

value of Re = 3.
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Figure 8b: Graph between the dimensionless variable A against radial velocity of fluid f'(1) at
constant value of Re = 2.0.
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Figure 9a: Graph between the dimensionless variable A against radial velocity of fluid f'(4) at
constant value of K = 0.5.
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Figure 9b: Graph between the dimensionless variable A against radial velocity of fluid f'(2) at

an( )

constant value of K = 0.5.
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Figure 10: Graph between the dimensionless variable A against heat transfer of fluid gn(4) at
constant value of Re =0.5, Pr=3,n = 2.
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Figure 11: Graph between the dimensionless variable A against heat transfer of fluid qn(4) at
constant value of K=0.5, Pr=3,n=2.

Http://www.ijetmr.com®©lnternational Journal of Engineering Technologies and Management Research

[86]


http://www.granthaalayah.com/

[Yadav et. al., Vol.4 (Iss12): December, 2017]

ISSN: 2454-1907

DOI: 10.5281/zenodo.1140081

20

3

Http://www.ijetmr.com®©lnternational Journal of Engineering Technologies and Management Research

18- .‘.:w,.:
. Pt

s o¢ -

16 e K

Pr=0.7 N s
0'.
14+ “=*="pPr=2.0 i -
—=e=pr=4.0 4

g 4

- ’ )
2r e ®pr=7.0 / ¥

> an( 1)
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Figure 14a: Graph between the dimensionless variable A against heat transfer of fluid gn(4) at
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Figure 15a: Graph between the dimensionless variable A against heat transfer of fluid gn’(1) at
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constant variable K=0.01, Pr=1, Re = 2.
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Figure 15b: Graph between the dimensionless variable A against heat transfer of fluid gn’(4) at
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Figure 16: Graph between the dimensionless variable A against heat transfer of fluid gn’(4) at
constant variable K =0.01, n =2, Re = 2.
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Figure 17: Graph between the dimensionless variable A against heat transfer of fluid gn’(2) at
constant variable n =2, Pr =3, Re = 2.
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Figure 18: Graph between the dimensionless variable A against heat transfer of fluid gn’(4) at
constant variable K =0.01, Pr=3,n = 2.
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Figure 19: Graph between the dimensionless variable A against axial and radial velocity of fluid
f(A) & f'(A) at constant variable K = 0.01, Re = 2.
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5. Conclusions

In this paper the main objective is to investigate the effect of Reynolds number Re, Prandtl
number Pr, permeability parameter k and parameter n. The results show that the increment in the
Reynolds number has the similar effects on velocity components and heat component. It
increases sharply. At higher Reynolds number the maximum velocity of fluid is shift to the solid
wall where shear stress becomes larger as the Reynolds number grows. The increase of
permeability parameter k velocity of fluid increases whereas the heat coefficient of fluid is also
increased. Increase of Prandtl number Pr heat flow of fluid increases sharply. Increase of
parameter n heat flow of fluid decreases sharply. It is investigated that Reynolds numbers
sharply affect the velocity of fluid and heat flow of fluid. This study have practical applications
in nuclear engineering control, plasma aerodynamics, mechanical engineering manufacturing
processes, astrophysical fluid dynamics, filtration technology, geothermal energy and
precipitation.
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